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various	 land	 uses	with	 ecosystem	 function.	 However,	 this	 application	 has	 been	



















4.	 Synthesis and applications.	This	work	illustrates	how	functional	ecology	can	provide	
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1  | INTRODUCTION
The	negative	impacts	of	land	degradation	on	productivity,	biodiversity	
and	 local	 livelihoods	 have	 become	 undeniable	 (Pereira	 et	al.,	 2010;	
Pimentel	&	Burgess,	2013).	As	a	consequence,	restoration,	here	defined	






In	 this	 study,	 we	 assess	 degradation	 in	 agricultural	 landscapes	
using	two	main	indicators:	soil	organic	carbon	(SOC)	and	erosion	prev-
alence.	SOC	 is	a	widely	used	 indicator	of	soil	health	as	 it	 influences	
several	important	soil	properties	such	as	cation	exchange	capacity	and	
water	holding	capacity	(Lal,	Griffin,	Apt,	Lave,	&	Morgan,	2004).	Soil	
















standing	 this	 is	 crucial	 for	designing	effective	 restoration	 strategies.	
Insights	can	be	gained	from	the	field	of	functional	ecology	(Laughlin,	
2014;	Sandel,	Corbin,	&	Krupa,	2011),	which	provides	a	framework	to	





ecosystem	 function	 (Petchey	 &	 Gaston,	 2006).	 Accordingly,	 many	
plant	 functional	 traits	 and	 types	 contribute	 to	 soil	 health	 (Table	1).	
Wood	density,	 for	 instance,	 indicates	 species’	 positioning	along	 the	














leaf	 senescence	 for	part	of	 the	year,	 thereby	producing	 large	quan-










Besides	 predictions	 on	 how	 species-	level	 functional	 traits	 and	
types	 influence	ecosystem	 function,	 two	main	 theories	explain	how	
the	 traits	 of	 species	 co-	occurring	 in	 a	 community	 (community-	level	
functional	 properties)	 influence	 ecosystem	 function.	The	mass-	ratio	
hypothesis	predicts	that	the	traits	of	the	dominant	species	drive	func-
tions	(Grime,	1998),	while	the	niche	complementarity	hypothesis	pre-
dicts	 that	 functionally	 diverse	 communities	 are	 better	 able	 to	make	
optimal	use	of	available	resources	and	thereby	increase	overall	func-
tionality	(e.g.	Cardinale	et	al.,	2012).
We	 evaluate	 the	 extent	 to	which	 vegetation	 contributes	 to	 soil	
health.	We	 do	 so	 by	 assessing	 a	 hierarchy	 of	 vegetation	 indicators	
that	reflect	increasingly	detailed	characteristics	of	the	vegetation	and	





type Plant strategies and ecosystem function
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2  | MATERIALS AND METHODS
2.1 | Study sites
The	study	took	place	in	five	agricultural	landscapes	in	three	countries	
in	 East	 Africa	 (Figure	1).	 All	 landscapes	 are	 characterized	 by	 small-
holder	 farming	 systems	 and	 are	 degraded,	 indicated	 by	widespread	
erosion.	 Table	 S1	 summarizes	 key	 climatic	 variables	 and	 vegetation	
types	per	landscape,	while	Figure	S1	gives	the	variation	in	vegetation	
structure	found	across	landscapes.
In	 Uganda,	 we	 focused	 on	 two	 landscapes	 in	 eastern	 Uganda,	
bordering	 Mount	 Elgon	 National	 Park:	 Mbale	 (34.24E,	 1.09N)	 and	
Bumagabula	 (34.39E,	 1.16N).	The	 area	 is	 characterized	 by	 a	moun-
tainous	topography,	where	Bumagabula	is	located	at	higher	elevation	
and	has	higher	rainfall	than	Mbale.	Maize,	legumes,	banana	and	coffee	
are	 commonly	 cultivated,	 often	 in	 agroforestry	 systems,	with	 some	















pling	 plots	 and	 each	 plot	 consists	 of	 four	 100-	m2	 subplots	 (Vågen,	
Winowiecki,	 Tamene	 Desta,	 &	 Tondoh,	 2013).	 Positioning	 of	 sites	
was	based	on	ongoing	project	activities	in	areas	of	interest.	Locations	
were	randomized	to	cover	variation	in	topography	and	land	uses	while	





















spectroscopy	 is	 becoming	 a	well-	established	method	 for	 predicting	































properties	 using	 two	 complementary	 metrics:	 community-	weighted	
mean	 (CWM)	and	FD.	The	CWM	 (Garnier	 et	al.,	 2004)	 is	 calculated	
based	on	each	single	 trait	or	 type	and	weighted	by	species’	 relative	
basal	area	in	the	plot.	For	continuous	trait	values,	the	CWM	reflects	
the	 trait	 value	 of	 “the	weighted-	average	woody	 plant”	 in	 the	 com-










In	 this	 study,	we	 took	 the	plot	 as	 a	unit	 of	 replication,	with	 a	 total	











The	model	with	 the	best	 fit	was	 selected	based	on	Akaike	 infor-









and	 “sjPlot”	 (Lüdecke,	2016a,	2016b),	while	 significance	 levels	 reflect	




















tional	 properties	 related	 to	 distinct	 aspects	 of	 soil	 health;	 invasive	
species	were	associated	with	 increased	erosion	while	FD	was	asso-
ciated	with	 increased	SOC	 (Figures	2	and	3,	Table	3).	Although	our	










Restoration	 of	 agricultural	 landscapes	 provides	 an	 opportunity	 to	 in-
crease	the	productivity	and	resilience	of	agricultural	systems	and	simul-
taneously	contribute	to	conservation	objectives.	Functional	ecology	is	
a	 promising	 tool	 to	 guide	 science-	based	 restoration	 (Laughlin,	 2014)	














# Model Rationale Implications for restoration
1 Soil	health	~	Intercept Data	cannot	explain	soil	health None
2 Soil	health	~	Sand	content Soil	texture	explains	soil	health None
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invasive	 species	 was	 associated	 with	 increased	 erosion,	 suggesting	
that	the	traits	of	the	dominant	species,	and	not	the	diversity,	explain	
erosion.	 Increased	 erosion	 under	 invasive	 species	 has	 been	 repeat-






















































































Predictor Estimate Odds ratio CI p
Intercept 3.73 41.59 15.79	to	109.57 <.001
Sand	content 0.005 1.01 0.99	to	1.02 .546
Vegetation	cover −0.708 0.49 0.39	to	0.62 <.001
Above-	ground	biomass −0.536 0.59 0.16	to	2.19 .427
CWM	invasives 0.919 2.51a 0.62	to	10.13 .197





Predictor Estimate CI Std. estimate CI p
Intercept 22.4 16.41	to	28.43 <.001
Sand	content −0.28 −0.33	to	−0.23 −0.35 −0.42	to	−0.29 <.001
Vegetation	cover 0.89 0.32	to	1.47 0.17 0.06	to	0.28 .014
Above-	ground	biomass 3.89 0.22	to	7.57 0.05 0.00	to	0.10 .038
Rao’s	Q 4.12 −18.97	to	27.20 0.01 −0.04	to	0.06 .726
aProbability	of	erosion	under	invasive	species	is	then	(41.59	×	2.51)/(1	+	41.59	×	2.51)	=	0.99.

















primary	 productivity	 and	 carbon	 output	 via	 decomposition,	 volatili-




productivity	 (Lohbeck	 et	al.,	 2015),	 although	 it	 may	 also	 accelerate	
decomposition	 by	 enhancing	 soil	moisture	 by	 reducing	 evaporation	
(Lebrija-	Trejos,	 Pérez-	García,	 Meave,	 Poorter,	 &	 Bongers,	 2011).	
Further,	more	biomass	generally	produces	more	litter	(Lohbeck	et	al.,	
2015),	 providing	a	primary	 input	 for	SOC.	We	also	 found	an	effect	




lands	 (Fornara	&	Tilman,	2008)	and	 in	agroforestry	systems	 in	 India	
(Hombegowda	 et	al.,	 2016).	 In	 contrast,	 a	 recent	 study	 in	 Chinese	
subtropical	 forest	 showed	 that	 SOC	 was	 mainly	 influenced	 by	 the	
community-	weighted	maximum	height	 of	 the	 trees,	 and	 less	 by	FD	
(Lin	et	al.,	2016).
Consistent	with	functional	ecology	theory	(Díaz	et	al.,	2007),	our	
results	 suggest	 that	 functional	 traits	play	 a	 role	 in	 carbon	dynamics	
by	mediating	species	differences	 in	productivity	and	decomposition.	
Empirical	 evidence	 supports	 that	 niche	 complementarity	 drives	 pri-
mary	productivity	in	tropical	forest	(Haggar	&	Ewel,	1997)	as	well	as	







Probably	 both	 mechanisms	 matter	 for	 ecosystem	 function	 (Handa	
et	al.,	2014;	Lohbeck	et	al.,	2015).	Our	diversity-	effect	could	indicate	






4.2 | Small marginal effects of functional properties
The	 variances	 explained	by	 the	 fixed	 effects	were	 quite	 small,	 par-
ticularly	for	erosion	(Rm0.11).	High	levels	of	severe	erosion	across	our	
landscapes	 (67%–99%)	 reduced	 the	 variation	 in	 which	 vegetation-	
effects	could	be	detected.	Our	alternative	models	were	designed	to	
reflect	 increasingly	detailed	aspects	of	the	vegetation,	taking	a	con-














Based	 on	 our	 findings,	we	 are	 able	 to	 draw	 recommendations	 that	
will	 advance	 the	 field	of	 functional	 ecology	 in	managed	agricultural	
landscapes.	We	 showed	 that	 (nonwoody)	 vegetation	 cover	 strongly	
influenced	soil	properties,	suggesting	that	 including	functional	 traits	
of	 nonwoody	 vegetation	 will	 increase	 our	 understanding	 of	 trait-	
mediated	 effects	 of	 vegetation	 on	 soils.	 Besides	 the	 direct	 effects	
that	plants	exert	on	soil	functions,	there	are	some	important	indirect	
linkages	 between	 plants	 and	 the	 soil,	 mediated	 through	 manage-
ment,	 symbionts	 and	 soil	 biota.	Management	practices,	 such	 as	 till-
age,	the	use	of	fire	and	fertilizers,	were	not	included	in	our	analyses.	
Management	directly	affects	soil	function	but	also	indirectly	through	
the	 vegetation.	 We	 were	 constrained	 to	 functional	 traits	 available	
from	online	 sources	 and	 floras,	which	 is	 a	 limited	 subset	 of	 above-	
ground	 traits	 and	 limited	 to	woody	vegetation.	Below-	ground	plant	
traits	(related	to	root	biomass	and	turnover)	are	of	particular	impor-





Understanding	 the	 functional	ecology	of	managed	systems	 is	an	
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